Abstract. Ti-Al composite plate is prepared by cast rolling method, then annealing treatment of different processes is carried out on it. Mechanical properties and hardness of the composite plate under different annealing processes are tested by precision universal testing machine and micro hardness tester. Scanning electron microscope (SEM) is used to observe interface layer morphology, tensile fracture morphology. The results show that: after annealing at 450℃ for 3 h, good metallurgical bonding layer is formed by diffusion of Ti and Al. The thickness of the interface layer is about 2.5 µm. At this time the tensile strength is 103 MPa and elongation rate is 53%. When the two kinds of metal are stretched, cracking degree is the least and comprehensive performance is the best.
Introduction
Composite materials have become an important direction in today's materials research and have been applied to many industries [1, 2] . Ti has excellent mechanical properties and welding properties such as low density, high specific strength, high temperature resistance and corrosion resistance. At present, it has been widely used in petroleum, chemical, aerospace and other fields [3, 4, 5] . Al has many fine properties such as light weight, low density, good conductivity and so on. It has been widely applied in the field of light metal [6, 7] . Ti-Al composite plate by the combination of Ti and Al fully combines the advantages of Ti and Al and is a kind of high quality composite material with excellent properties, such as light weight, high corrosion resistance, high wear resistance, high strength and so on. Now it is widely used in many areas such as aviation and military armor [8, 9] .
At present, Ti-Al composite plate is mainly produced using the method of rolling composite and explosive welding composite. In addition, some manufacturing methods, such as cast rolling and extrusion and so on, have been studied and developed [10, 11] . Cast rolling method has the advantages of high production efficiency, low production cost and continuous production. It should be an important direction of layer metal composite in the future. However, this method is not mature and studies on dissimilar metals of large difference in melting point are also less so that further researches are needed [12] . In this experiment, Ti-Al composite plate is prepared by cast rolling method and undergoes different heat treatment processes. Through these effects of annealing process on interface structure and properties of cast rolled Ti-Al composite plate are studied and the best annealing process of cast rolling composite plate is obtained. Then composite plate after heat treatment has good processing performance.
Experimental Procedure
The thickness of Ti-Al composite plate prepared by cast-rolling method is 5.0 mm. Ti used in the experiment is TA1 industrial pure titanium of the thickness of 0.5 mm and Al in the experiment is 8011 aluminum alloy of the thickness of 4.5 mm. The box-type resistance furnace whose model is SX-2.5-10 is used for annealing treatment on composite plate. And annealing processes are as follows: ①Holding time is 3 h and the heating temperature is 410℃, 430℃, 450℃, 470℃ respectively; ②Heating temperature is 450℃ and holding time is 1h, 3h, 5h, 7h respectively.
The composite plate after heating treatment, according to GB228-2002" metallic materials at room temperature tensile test method", is processed into tensile specimens used the technology of EDM and is cut by casting direction. Then the precision universal testing machine whose model is SHIMADZU (Shimadzu) AG-I 250KN is used to measure mechanical properties of different samples, and tensile speed is 3 mm/min. The micro hardness near the interface is tested by the digital display micro hardness tester whose model is HVS-1000 A, loading force is 0.098N and dwell time is 10s. The VEGA3-TESCAN scanning electron microscope (SEM) are used to observe the interface, tensile fracture.
Experimental Results and Analysis

Interface Morphology Analysis
The interface microstructure morphology of Ti-Al composite plate after different heat treatments is shown in Fig.1 , and the intermediate white band is the diffusion layer, and the left and right side are Al and Ti respectively. For different heating temperatures and the same holding time results can be found in Fig.1 Fig.1 (a),1(b),1(c), when the annealing temperature is lower than 450 ℃, with the annealing temperature increasing, the thickness of Ti-Al atom diffusion layer of the interface increases gradually; when the annealing temperature increases to 450℃, the interface layer's thickness is about 2.5 µm. Fig.1(d) shows that when the annealing temperature exceeds 450 ℃, the diffusion layer's thickness keep substantially unchanged with the annealing temperature increasing. For the same heating temperature and different holding time from Fig.1(e) , 1(f), 1(g), 1(h), what can be found are as follows: when the annealing time is 1 h, Ti-Al atom diffusion layer's thickness of the interface bonding zone is about 2 µm; when the annealing time is 3 h, the thickness of the diffusion layer slightly increases to about 2.5 µm; when the annealing time increases to 5h or 7h, the thickness of diffusion layer keep basically unchanged as compared with that when the annealing time is 3h.
When the heating temperature is less than 450℃ for 3 h or holding time is less than 3 h at the heating temperature of 450℃, the atomic diffusion between titanium and aluminum is not complete. The diffusion layer becomes wider when the temperature rises or heat preservation extends, which results in further atomic diffusion. When the heating temperature increases to 450℃ for 3h, the atoms are able to permeate with each other adequately. However, the thickness of the diffusion layer remains when the temperature or heat preservation further increases. In contrast, the intermetallic compounds appear as their atomic diffusion is beyond their solid solubility, and the firm and crisp intermetallic compounds damage the binding strength of the plate. As a result, Ti-Al composite plate has a good metallurgical bonding interface when the heating temperature is 450℃ for 3 h. 
Effects of Annealing Process on Tensile Fracture of Composite Plate
Ti-Al composite plate is stretched under different annealing operation, and the appearance of fracture is derived(shown as Fig.2(a),(b) ,(c),(d)respectively), where the right side of the crack is titanium plate. Fig.4 presents that, the fracture of Ti-Al composite plate is ductile fracture, and there are many toughness cavities on the fracture surface. The number and the depth of the equiaxed toughness cavities gradually increase respectively as the annealing temperature grows. The fracture is the slightest when the temperature is 450℃ for 3 h. As the growth of the temperature, the cracking surface between aluminum and titanium layer gradually increases. From the above and the pattern analysis for the stripping surface, it can be seen the firm and crisp intermetallic compound on the stripping surface gradually grows as the annealing temperature increases, thereby, which impacts the bonding strength of aluminum and titanium. 
Effects of Annealing Process on Tensile Strength and Elongation of Composite Plate
Tensile test is used to measure the tensile strength and elongation of composite plate, and the change trend of different annealing process is shown in Fig.3 . Fig.3(a) and 3(b) show that with the increase of heating temperature or holding time during annealing, the tensile strength of Ti-Al composite plate gradually decreases, while the elongation of the composite plate increases; At the same heat preservation time, when the annealing temperature is 450℃, the tensile strength of the composite plate is 103MPa and the elongation is 53%. When the heating temperature is 470℃, the elongation begins to decrease. When the composite plate annealing treatment is at 450℃ for 3 h, the comprehensive mechanics property of the composite plate is the best; After holding time is more than 3 h, the elongation of the composite plate begins to decline. By comparing with experimental results in different heating temperature and heat preservation time, it can be seen that the comprehensive mechanics property of roll-casted Ti-Al composite plate is the best when anneal treatment is at 450℃ for 3 h.
By comparing the roll-casted Ti-Al composite plate (tensile strength of 147 MPa, elongation of 33%), the work-hardening of the composite panel can be improved with a suitable annealing process, making subsequent processing performance of the composite panel improved. When it reaches a certain heating temperature and heat preservation time, and then increasing the heating temperature or heat preservation time, the elongation of composite panel decreases instead, mainly because the thickness of the metal atom diffusion layer has no basically increase, but the firm and crisp intermetallic compounds which reduce the mechanical properties of the composite plate increase. show the micro-hardness of the composite plate after heat treatment. Where zero scale is the interface, the left side is the aluminum layer and the right side is the titanium layer. After annealing treatment, the micro-hardness of the parent metal on both sides of the interface significantly reduces. When the composite plate anneal treatment is at 450 for 3 h, the hardness of the parent metal reaches to minimum. After annealing treatment at 450 for 3 h, the work-hardening of cast rolling process has been basically eliminated. When the heating temperature or the heat preservation time continues increasing, the hardness of the interface on the side of titanium will increase. This is because the aluminum atoms diffuse into the titanium layer producing the firm and crisp intermetallic compounds. The solid solubility of aluminum in the titanium is much larger than the solid solubility of titanium in the aluminum and the titanium atoms diffusing into the aluminum layer is less. Therefore, the amount of hardness change on the aluminum side is little. 
Conclusions
Through observing the interface layer after anneal, it shows that as the annealing temperature or holding time increases, the thickness of the interface layer increases gradually. The interface layer's thickness is 2.5 µm at 450℃ for 3 h, and the thickness of the interface layer is almost unchanged when the annealing temperature increases or the annealing time extends.
When the annealing process is at 450℃ for 3 h, At the same time, the tensile strength of the composite plate is 103MPa, and the elongation reaches a maximum of 53%. The tensile cracking degree is smaller, the hardness of the base metal near the interface is the lowest, and the composite board has the best comprehensive performance. These show that the best annealing process of the cast rolled Ti-Al composite plate is at the annealing temperature of 450℃ for 3 h. 
